ABSTRACT
The present study was designed to explore the association between the SNP +405G>C of the VEGF gene with the risk of endometriosis, and endometriosis associated with adenomyosis and chocolate cysts. Following extraction of genomic DNA, genotyping of the +405 G>C polymorphisms of the VEGF gene was performed by PCR -RFLP analysis. The genotype (X 2 =21.713, 2 df, P = < 0.0001) and allele (X 2 =10.697, 1 df, P = 0.0011) frequencies of endometriosis patients were significantly different from those of the control women. The genotype and allele frequencies significantly differed in all the clinical subgroups of endometriosis patients. The significant differences in allele frequencies were the result of an increased proportion of homozygote GG genotype carriers. No significant difference was observed between the clinical subgroups with respect to the genotype and allele frequencies of the VEGF +405G>C polymorphism. These findings suggest that the VEGF +405 G>C polymorphism is associated with the risk of endometriosis, and endometriosis associated with adenomyosis and chocolate cysts.
INTRODUCTION
Endometriosis is a common, chronic estrogendependent gynecologic disorder associated with pelvic pain and infertility. The prevalence of pelvic endometriosis approaches 10% among women; in women with pelvic pain, infertility, or both, the frequency is 35%-50% (1, 2). Retrograde menstruation has been suggested as the crucial element in the development of endometriosis, ther factors that allow the implantation and propagation of endometriotic lesions are yet largely unknown (3). Genetic alterations that might contribute to lesion initiation and progression have been identified in endometriotic lesions (4) . It is logical to suspect that somatic genetic factors might contribute to the development of endometriosis (5) . The actual cellular and molecular mechanisms responsible for endometriosis are unclear. However, the cause is almost certainly multifactorial involving environmental, immunological, endocrine and genetic processes (6) .
Histologically, endometriosis is a benign disease but it can behave like a malignancy in terms of growth, infiltration and adherence to the surrounding tissues (7).
To survive and develop into an endometriotic lesion, the ectopic tissue must induce new vessel formation to connect to the vascular system (8) . Vascular endothelial growth factor (VEGF) is a key mediator in neoangiogenesis as it stimulates endothelial cell proliferation and migration, and increases vascular permeability (9, 10); VEGF has even been proposed as a diagnostic and therapeutic target in endometriosis (11) (12) (13) Angiogenesis is a process involving new blood vessel development from preexisting vasculature. The VEGF is one of the most potent endothelial cell mitogens and plays a crucial role in both angiogenesis and lymphogenesis. (14) . The VEGF gene is located on chromosome 6p21.3 (15) and consists of 8 exons exhibiting alternate splicing to form a family of proteins. The promoter region and 5 1 untranslated region of the VEGF gene were first screened for polymorphisms by Watson et al. (16) . VEGF has at least 3 receptors (VEGFR-1, VEGFR-2, and neuropilin) Selected single-nucleotide polymorphisms (SNPs) in the VEGF gene have been found to be associated with differences in VEGF protein production (17) (18) (19) (20) (21) .
Some researchers have demonstrated higher peritoneal concentrations of VEGF in women with advanced stage endometriosis than in women with minimal to mild endometriosis or no disease (22, 23) , others have shown increased VEGF mRNA and protein expression in the eutopic endometrium from subjects with endometriosis (24, 25) Recently, it has been demonstrated that the use of antihuman VEGF effectively interferes with the maintenance and growth of endometriosis by inhibiting angiogenesis in a nude mouse model (26) . Several studies have investigated the association of VEGF gene polymorphisms with diseases in which angiogenesis plays a major role in pathogenesis, such as diabetic retinopathy (27) , renal cell carcinoma (28) , acute renal allograft rejection (29) , prostate cancer (30) , and malignant melanoma (31) . The results of these studies, however are were mixed.
Since the +405 site is located adjacent to the +410 estrogen response element and carriage of the -460/+405 polymorphism significantly alters VEGF promoter activity and responsiveness (32), it is possible that the +405 polymorphism itself influences transcriptional activity perhaps by alteration of the response to estrogen. The present study was designed to explore the association between the SNP +405G>C in the VEGF gene with the risk of endometriosis, and endometriosis associated with adenomyosis and chocolate cysts in South Indian women.
MATERIALS AND METHODS
This is a prospective case-control study, in which women undergoing infertility treatment at the following 2 two centers were recruited:
Maternal Health and Research Trust (MHRT), and Owaisi Hospital and Research Centre (OHRC), Hyderabad.
These centers receive cases from all over South India. Venous blood was obtained from 626 patients who had undergone diagnostic laparoscopy or laparotomy. A total of 302 patients showed surgical and histological evidence of endometriosis while 324 patients without the disease served as controls. All the subjects were of reproductive age (22-46 years). The demographic and clinical characteristics of the cases and controls are shown in Table 4 .
The indications for laparoscopy included chronic pelvic pain, infertility, ovarian cysts and myomas. Prior to the operation, the patients had not received any endocrine therapy such as therapy involving GnRH analogues, danazol or estrogen-progestin that may have masked the presence of the disease.
The patients were informed that their blood would be used for research purpose and they provided written consent. The ethicsl committee of our institute approved the research protocol for this study.
The patients who had endometriosis were classified into six clinical subgroups: The stage of endometriosis was assigned according to the revised American Society for Reproductive Medicine scoring system (33) . (Stages I and II were grouped as mild while stages III and IV were grouped as severe)
The classification described by the American Fertility Society(AFS) is based on the size and location of the endometriotic lesion. Endometriosis is diagnosed by laparoscopy; the symptoms of endometriosis are infertility, dyspareunia, dysmenorrhoea, and abdominal pain.
Adenomyosis is also known as uterine endometriosis; it is a common condition in which Chocolate cysts are also known as endometrial cysts or endometrioma. The presence of endometrial tissue in the ovary leads to the formation of a cyst known as chocolate cyst. It shows obvious thickening of tunica albuginea and vascular red adhesions are well marked on the under surface of the ovary. The inner surface of the cyst wall is vascular and contains areas of dark brown tissue.
Molecular analysis of the VEGF genotype
Genomic DNA was extracted from venous blood with a Qiagen kit according to the manufacturer's instructions. Genotyping of the +405 G>C polymorphism was carried out using the PCR-RFLP method. The PCR primers for the +405 G>C polymorphisms were as follows:
1. 5′-TTGCTTGCCATTCCCCACTTGA-3′ (forward) and 2. 5′-CCGAAGCGAGAACAGCCCAGAA-3′ (reverse)
An aliquot containing 1 µl of genomic DNA was mixed with 1 µl of each primer, 2 µl dNTPs and 1 µl of Premix Ex Taq polymerase (Bioserve Biotechnologies Hyderabad, India.) in a total volume of 25 µl of PCR buffer (provided by the manufacturer)
The PCR procedure was as follows: an initial denaturation step at 94ºC for 5 min; followed by 40 cycles of amplification involving denaturation at 94ºC for 30 s, annealing at 62ºC for 60 s and a final extension step at 72ºC for 60 s. The PCR products were digested with the restriction enzyme BsmFI (New England Biolabs) at 65 o C overnight for the +405 SNP and analyzed using 2% agarose gel electrophoresis, and identified using ethidium bromide staining. The +405G allele was cut into 2 fragments of 273 and 196 bp, while the +405C allele remained uncut (469 bp). (Figure 1 ).
Statistical analysis
Statistical analysis was performed using the Medcalc statistical software (http://www.medcalc.be). The frequency of genotypes and alleles in the different groups was evaluated by X 2 with a 2 x3 contingency table ( for genotypes) or a 2 x2 table (for alleles), and the OR and 95% confidence intervals (CIs) were calculated. P-values less than 0.05 were considered statistically significant.
RESULTS
The genotypic and allelic frequencies of healthy controls as well as the groups of patients divided in the clinical subgroups of VEGF+405G>C are shown in Table  1 . The populations were found under Hardy-Weinberg Equilibrium for this locus.
Genotype frequencies
The genotype frequencies of the VEGF +405G>C polymorphism in healthy control women, endometriosis patients and in each clinical subgroup of endometriosis patients are given in Table 1 . A significant difference of the VEGF +405G>C polymorphism genotypes was found between patients with endometriosis and in each clinical subgroup of endometriosis patients. 
Allele frequencies
The allele frequencies of the VEGF +405G>C polymorphism in healthy control women, endometriosis patients and each clinical subgroup of endometriosis patients are given in The allele frequencies in all the patients with endometriosis and in each clinical subgroup of endometriosis patients were found to be significantly different from those of the control women. The significant differences in allele frequencies were found to be as a result of an increased proportion of homozygote GG genotype carriers and were not due to heterozygote GC carriers.
We further analyzed genotypes and allele frequencies for the VEGF +405 G>C polymorphism among the clinical subgroups of patients with endometriosis. No significant difference was observed in the genotype and allele frequencies of VEGF +405G/C polymorphism between the groups with Re-AFS stage I+II (mild endometriosis) and Re-AFS stage III+IV (severe endometriosis), with and without chocolate cysts and with and without adenomyosis. (Table  3) 
DISCUSSION
Endometriosis is a common gynecological disorder in women of reproductive age, characterized by pelvic pain and infertility. Approximately 5-10% of women of reproductive age are estimated to have endometriosis. Although the exact etiological features and pathogenesis of endometriosis are unclear, environmental and genetic factors have been implicated in the development of this disease. There is accumulating evidence to support the hypothesis that angiogenesis is of pivotal importance in the development of endometriosis. The present study was designed to explore the association between the SNP +405G>C of the VEGF gene with the risk of endometriosis in South Indian women.
In our study we analyzed the + 405 G>C polymorphism of the VEGF gene and found that the genotype distribution of the +405G>C polymorphism significantly differs between patients with and without endometriosis and in each clinical subgroup of patients with endometriosis. Women with the +405 GG genotype had a significantly higher risk of endometriosis than women without this genotype I+II mild n=122  77  36  9  ------------190  54  ------------Re-AFS stage II+III severe n=180  101  65  14  -----------267  93 - We found a higher frequency of the +405 G allele in patients with endometriosis and in each clinical subgroup of patients suffering with endometriosis. Therefore, we report the possible involvement of the +405G allele in the 5 1 untranslated region of the VEGF might have a certain etiological significance in endometriosis.
An association has been reported between endometriosis and the +405 G>C VEGF gene polymorphisms. These 5 independent studies from South India, Korea, Italy. Australia and Iran (34) (35) (36) (37) (38) . A clear discordance was found between the results on comparing their findings. The frequency of the +405 C/C genotype in patients with severe endometriosis was more than that of in the control group in study by Kim et al. Our data is in complete agreement with the study reported by Bhanoori et al. (2005) . We have evaluated our control group extensively to understand the impact of the sampling design on the reported association. Our controls consisted of women in whom absence of endometriosis was laparoscopically confirmed, whereas in other studies healthy individuals were enrolled as controls (Bhanoori et al 2005; Kim et al., 2005) . Secondly the sample size of other studies was comparatively smaller than the sample size of the present study.
We feel that our study design is more accurate because women who underwent laparoscopy and in whom no endometriosis was found served as the control group. In our study the patients with endometriosis were classified into 6 clinical subgroups. In the endometriosis group a significant difference was found in the genotype and allele frequencies regardless of whether the patients had the complications of adenomyosis, or chocolate cysts or the clinical stage was mild or severe.
We further analyzed the genotypes and allele frequencies for the VEGF +405G>C polymorphism among the clinical subgroups of patients with endometriosis. No significant difference was observed in the genotype and allele frequencies of the VEGF +405 polymorphism between the groups with Re-AFS stage I+II (mild endometriosis) and Re-AFS stage III+IV (severe endometriosis), with or without chocolate cysts and with or without adenomyosis (Table 3) .
Our study strongly supports the findings that +405 G allele in the 5 1 untranslated region of the VEGF is associated, with the development and growth of endometriosis, and endometriosis associated with adenomyosis and chocolate cysts in South Indian women. This is the second study from South India that reports that the +405G allele in the 5 1 untranslated region of VEGF is associated, with the development and growth of endometriosis in South Indian women. Since our results are in agreement with the previous study of
